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Abstract: To rapidly determine the variations in fatty acid composition during the development of Camellia oleifera Abel. seeds, the seeds
of C. oleifera, peanuts (Arachis hypogaea), and sesame (Sesamum indicum) were pre-treated with shaking + methyl esterification and soxhlet
extraction + methy! esterification. The fatty acid compositions of the seeds were analyzed by gas chromatography-mass spectrometry (GC-MS).
The morphology of C. oleifera seed oil body in the cotyledon was observed by laser scanning confocal microscopy (LSCM). The results showed
that the method of shaking + methyl esterification was more suitable for the rapid detection of fatty acids in large numbers of samples due to its
convenience, precision, and speed. The oil content peaked at 47~54 weeks after flowering (WAF), which was between September and the
picking season. Oleic acid was the main type of fatty acid throughout the development of C. oleifera seeds, and it increased gradually during
growth and its content in mature seeds was above 78%. However, palmitic acid, stearic acid, and linoleic acid showed clear decreasing trends
during the same period. Cytological observations also indicated that the peak period for oil conversion in this Camellia strain was between 45 to
48 WAF.
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Fig.1 GC-MS spectra of fatty acids following two pre-treatments
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Table 2 Results from the experiment with shaking + methyl

oAF JERER4S  A®MAE AREE t4A P1E(0.01)
AEAE L 2 0610 0.16 0.885
g 2 0347 6.97 0.014
TR 2 1.049 364  0.068
A AR 2 0.470 0.34 0.766
TEAHER 2 0.047 7.30 0.018
FEAEBR 2 0.177 340 0.077
LR 2 0.256  4.18 0.053
AR 2 0549 1.87 0.202
g 2 0881 6.19 0.025
TR 2 0.322 8.69 0.013
2R BIERR 2 0360 2.25 0.154
TEAHER 2 0.046 0.3 0.322
FLABR 2 0.022 153 0.266
LR 2 0023 1.8 0.328
AEAE 2 0.258  9.30 0.011
g 2 0.730 167 0.237
e ThHER 2 0516 844 0017
B g B 2 0.125  4.00 0.057
T R 2 0.072 285 0.104
FeA B 2 0.003 0.72 0.547

22 EVET B AL B B AT

HIFHERE+ RIS 3 PRI EET 3 VT
TSR, JER TR R A, 45 REIRAE 3 T
AT SIS I RE HOMRITRR A 70 & B A IR L, S5
REMHIE, ERAEE GR 2), RUIER+PERLE
D MRS R e, R, E& THRImRA
IIIE -

23 HEMTREDLE T IR S SR A

FH FE RS+ H B AL R 2 P 41 WAF~54
WAF PRI S & st ATl e FH45 A5 3 (
2). M2 0750, WZASFRT7E 41 WAF 356 4 R/l
g, HADIERIHR & Eim (27.10%), HKZ MR

(19.88%). WilR (15.30%). TEAEER (7.52%). M
41~45 WAF, [RIHER & IR imst, Ha 3 fhaik
PLHIZHTBF RS, 1E 45 WAF. 46 WAF i3, 4
FHARIT RSP, SERPEAE R B, 2 R JEksAE

esterification
. L S i I S S Y }27‘%
a5 m wE A A 2 %
AZAEEL 1271 0733 13.30 1257 0533 4.194
Tih# 3152 0401 3176 31.35 0.201 0.636
7h#% 3563  0.093 3567 3557 0.053 0.149
jeZ FEJSER 544 0110 545 534 0099 1.823
FAME 065 0002 065 065 0001 0.177
A 172 0108 176 1.65 0.035 2.007
LAER 238 0194 249 230 0.058 2438
FEARE: 1105 0246 1117 1093 0.123 1.114
Tih# 3178 0035 3179 3176 0.018 0.001
7hE  39.93 0239 40.01 39.77 0.137 0.003
Zpk AEfE  7.66 0083 7.69 7.610 0.047 0.006
AR 020 0008 021 020 0004 0012
FAB 061 0030 062 059 0015 0.025
LAE 012 0046 015 010 0.024 0.204
¥EARE: 866 0392 880 8401 0220 0.025
Tih# 473 0991 527 428 0500 0.106
N 7hE 7636 0.085 7639 76.31 0.044 0.001
REAEE 197 0062 200 193 0031 0.016
FAME 043 0031 045 042 0016 0.037
FEAB 005 0005 005 005 0003 0.054

PR R3S AT 6 AR, Horh 3 Fbid
ABERGIR: FRAEER. BEHERR. FEAERR, 3 A AEANE
IR R EIhER. AR, AR
3| 80%LA Eo 5 RUFNE K 25 AR Aok
ARIENTRALSA L, Adh R 2 1B STEE IR,
RER NI4T R M= B T bl [ e i Bt Y
270 TR &8 2 /DR Ve BT At o Y B B A
“HfA 83-27 [ ZRAPT R  e ik
78.43%-.

M 3 K% 3 iz TR B PR IR 5

325



MR BRI

Modern Food Science and Technology

2015, Vol.31, No.6

AEFIRITRR & 2 Ess, SRR A& &
B, % 45 WAF J5HFUATHE, & 48 WAF J&
T SCIRRSEFAG, BRI AR IR oS )
HHA a2, 41~45 WAF AR IR ITES & 88
Wi, & 45 WAF JEHFUEIIK, 2 46 WAF J5 1S
Fregtm, ERERAEI.

XTI AT R I AR P 7 R A VAN 5 AN
FE DT S A TARSME 0T, AR SR IR IR
BRI L R I 4 Flows, PRRITAR IR S &
H 41 WAF J5I20 N, i AN s i iz b
FHEa%s, 3T 53 WAF 23T Roe. Mk 400
A, TMERSEREER . WERRRRIRAAEN S A, 5
A RATAEN R B DG IR SATHAIR . A ARIR
A LEAR S IE AR DG M RIIR IR & &5 B AN
JE TR & BT AH S RN -0.711, ARAER 35 17 AH
5%, VLRHAER R B SRR AN i R S AN A i R
[F) ] BEAEAEA BB IE R o ANVLRIAG IS o iR 5 1.
THMEATTENCR DG, e B A T DAL B 7E
TREEREF, FEERTHRE, TIHERTEAWT i
Ak, FLNTERCR MAEE— DAL

100 meERg 107
. B EEER los
£ g0 i o
:{rm;[ = fif G R 105 k&
60 -l log =
o 40 103 S
ey Jo2 E
®oa0p J0.1 S

0 212243 44 45 46 47 48 49 50 5152 53 54 00
&) A/ WAF
& 2 A E% BREIE LERR S ST HiES
Fig.2 The change in fatty acid composition over different
developmental stages

TZHIE AR R BRZ A AR 50, Hor
i MREEICNE S, FERGR B IIE, R, B
RZER, B TR . JCHR A G,
FFRIT AR RSP Lo i
AIRR, AN i 2R R AL S I FE 45~48 WAF,
FEMIE AR EEESY], AT DU R 0 2 2
e EAL B

24 mAMTEWERNEN

T8 T R LIRS T MR R il N 2 H Y,
Pt ASR SR A1 R 5 2 SO i 2 SRS B
bRz —o $5 BRGNS, B RERHGENITS
AT RIS S . 1B 5 AR L, oAl T

326

HIE R RS R KRB RILE SR EA,
41~47 WAF (7 AJEZ 9 A A AR 2215, 47~54
WAF (9 HZR4D A IHE .

a 90 mEES.
80 - [ RO
70+ BRI R
60 -
50
40+
30F
20 F
10F

Boarah /%

041 42 43 44 45 46 47 48 49 50 51 52 53 54

165 H / WAF

b o rmm

80 - W T N
. 70 = =
=X
~ 60
ij’j 50
& 40+
i

(=]

1l

41 42 43 44 45 46 47 48 49 50 51 52 53 54
T )5 B %0/ WAF

B3 TELXERARLEMHIRSELL
Fig.3 The changes in fatty acids over different developmental

stages
E: ar SRWAMSHERE 54 F; b BETeAlg

100r o RptuspgEe
- A

80

=

= 60f

41

& ol

= 40
20+

0 41 42 43 44 4546 47 48 49 50 51 52 53 54
1EJ5 i ¥ / WAF
E 4 TRI% EREaMENafERREETaETL
Fig.4 The changes of relative abundances (%6) of saturated fatty
acids and unsaturated over different developmental stages

25 AT K H AR AR R

KREVKETI R 7k BB A S50 ER
FERMEAME S, XA KGR
IR TS (] 6) o FTLAE HH 41 WAF (7 HJED
T e >, B TanfREE R, 4ni
Hla] LA AR e (B 6a) 5 42 WAF~54 WAF



B E AR Modern Food Science and Technology

(8 HWIEFhTRIHD BEEM T HIZB A, Wik

B %, MAHNML S 1m A0 - SRR, B AR

o WA LT e A (K 6b~F) o X A4

TR i g A 51k 37 JE A A4 oy 2K
R 4 AT ASRRERLE S EAER R B

Table 4 The inter-correlation coefficient of the Camellia seed fatty acid composition

2015, Vol.31, No.6
FIIF, TAG (Triacylglycerols, =EEH ) & HIT
GO WA, 756055 374 P A TR R e 44,

SMEERE, AR NI SRR A T A

[17]

BERrEEATE  ATANBR  ARASER  fLABR hER  BohER  ANE  AIENER TSR
AZARN R 1
ARG ER 0.815™ 1
FeA B 0.736"  -0.245 1
TR 07477 -0.693" 0.854™ 1
g 0.944™ 0710" 0662 -0.667" 1
TeA R 0217 0243 -0222 -0190  0.247 1
tokefisliER 09677 0936 0205 -0.748" 0888  0.236 1
TafefslEe  -0.7057 -0.6687 0.8537 0998 -0615  -0.146 0.711" 1

i TATEEKTEA 005 HEEME; TEAFEEKTES 001 HALE EAN £,

70¢ TRFZER, HRERALMN. WSS, £
60t b T TAFRERIAIN, AR S A IR S RO
s sof TRZEAHIN TR I AKE B RR AT RR AL 0 Ao, DA
EE ar REMBEERSIAL, JCHAKRTR R, 1E

m 20T B IR, RMEGUTEA SRRSO T, 1
207 AR RENTA M 58 B A AR o ARSI FRRE+ H iR AL
IEBIH TR 2R = MR, RS T RRE

101

0 41 42 43 44 45 46 47 48 49 50 5152 53 54
1bJ5 A £/ WAF
& 5 TE% BEREmMETL
Fig.5 The oil content changes through different developmental

stages

—
20pm

BRI
Fig.6 Observation of the oil body in Camellia seed cotyledon
development
JE: a: 41 WAF; b: 42 WAF; c: 45 WAF; d: 48 WAF; e: 51
WAF; f: 54 WAF.

3 g

31 REKMe+HEE LS R+ H A 2 45 R

— R

3.2 VTR R R TEREAN R I I 2 T
B, BRI S Bk 78% A E, AEAEER . A AEER
MR 2 I RS ISR R AN R T R
Tk 80%LL b, DIMFRAIEMER N T, A /)
ARSI AR TR, RA B g0
T MBI, PRI SRR, R Oum frfd & i
M L AMEEE, RS2 i R Il AR LA
V& HIFE 45~48 WAF, ORI RRANANBAN R DL H 45
TEAE 53 WAF Z Ja AR Fetaue, EfFSmEE
48~54 WAF B WA B34 I0, PRI R R iE &
WCERI N 54 WAF 2 J5, X FE S ARk & e
BT SR .

B Ik

[1] EYEHEES P EREYEM] AR ik, 1998
Delectis florae reipublcae popularis sincae agendae
academiae sinicae edita. Flora republicae popularis sinicae
[M]. Science Press, 1998

[21 5KAT AR TR AR I 255 JT ROF) H ). & R
$4,2003,4:85-86
ZHANG Ke, QIAN He, ZHANG Tian. The multipurpose

327



MR BRI

Modern Food Science and Technology

2015, Vol.31, No.6

(3]

(4]

[5]

(6]

[7]

(8]

(9]

[10]

328

utilization of camellia oleifera seed [J]. Food Science and
Technology, 2003, 4: 85-86

Zhang Lian-liang, Wang Yong-mei, Wu Don-mei, et al.
Microwave-assisted extraction of polyphenols from Camellia
oleifera fruit hull [J]. Molecules, 2011, 16: 4428-4437

Zhong Hai-yan, Bedgood Jr.DR, Bishop AG et al. Effect of
added caffeic acid and tyrosol on the fatty acid and volatile
profiles of Camellia oil following heating [J]. Journal
Agricultural and Food Chemistry, 2006, 54(25): 9551-9558
FEFRAR. P I M AL 50 b E MLl HE A, 2008
ZHUANG Rui-lin. Oil gamellia of China [M]. China
Forestry Publishing House, 2008

YE Yong, GUO Ya, LUO Yue-ting. Anti-Inflammatory and
analgesic activities of a novel biflavonoid from shells of
Camellia oleifera [J]. International Journal of Molecular
Sciences, 2012, 13: 12401-12411

MA lin-lin, YE Hang, RUI Yu-kui, et al. Fatty acid
composition of Camellia oleifera oil [J]. Journal of Consumer
Protection and Food Safety, 2010, 6(1): 9-12

SO, B 9 A i) S5 AN [F G R R T R R AL
M)’ B K222 R (BEARHIR),2013,37(1):43-46

GUO Xia-li, XIAO Ping, DU Shang-guang et al. Fatty acid
composition of Camellia oleifera Abel. seeds with different
strains [J]. Journal of Nanchang University(Natural Science),
2013, 37(1): 43-46

N, 2 TP, A 2=, 55 IR Ay AR T R L B A 3]
LRI ,2008,36(6):2207-2208

LI Yan, LUO Li-ping, YANG Bo-yun, et al. Analysis on the
fatty acid compos it ion in Aquilaria sinensis seed oil [J].
Journal of Anhui Agricultural Sciences, 2008, 36(6):
2207-2208

BN oy NS o W NE U e S JINE S oIl R aAN
T = T Tt 2 R 5 8 110 5% ) 9] I AX & R 52,2013,
29(3):647-650

SUN Xiao-hui, LI Qian, LV Ping, et al. Effect of different
esterification ‘methods on the type and content of
octadecatrienoic acid in Trichosanthes Kirilowii Maxim seed
oil [J]. Modern Food Science and Technology, 2013, 29(3):
647-650

[11]

[12]

[13]

[14]

(15]

[16]

[17]

BRMRE R EAER, UMY K, A5 AN R 28 PR 7 AR I A% A
LA M (0] AR B SRR, 2013,29(2):358-361

WEI Peng-cheng, ZHAO Ming-qin, LIU Peng-gei, et al.
Comparative analysis of different distillation extraction of
flos magnoliae volatile oil [J]. Modern Food Science and
Technology, 2013, 29(2): 358-361

Sukesh Narayan Sinha, Ramavati Pal, Aruna Dewan, et al.
Effect of dissociation energy on in formation and sensitivity
of an analytical method for determination of chlorpyrifos in
human blood, using gas chromatography-mass spectrometer
(GC/IMS in MS/MS) [J]- International Journal of Mass
Spectrometry, 2006, 253(1-2): 48-57

GB2906-82,7+ <~ it M E A A HEL I 1 I 7 ik (v LIRS
SR [ Z AR HE)[S]

GB2906-82, Cereals, oil crops seed fat assay (People's
Republic of China National Standard) [S]

TR TR, A0V B, SR R, S K SRR R TR R AH - oA
DTV HE o 9] K A, 2011,30(4):626-631

YU Fu-kuan, SUN Jun-ming, HAN Fen-xia, et al.
Comparison of three arpid gas chromatograph (GC) methods
for determination of fatty acid components in soybean seeds
[J]. Soybean Science, 2011, 30(4): 626-631

P B 8 A AR I AR B R B ) 55
HRIBITFE[I]. H EPRRIHI“41,2014,29(2):36-43

Zheng De-yong, Ling Hong-you. Functional composition
dynamic variation in fujian camellia oleifera seeds during its
maturation period [J]. Journal of the Chinese Cereals and Qils
Association, 2014, 29(2): 36-43

BN ZE TR, S5 25 MR R I R IR ITR
20 RSB AR AR SR TP FU O] T Pa MOl 47,2002, 3(4):
14-31

X1 Ru-chun, GONG Chun, HUANG Bao-xiang, et al. Study
on genetics variation and fatty acid composition of 25 clones
of high-yielding camellia oleifera [J]. Jiangxi Forestry
Science and Technology, 2002, 3(4): 14-31

Siloto R M P, Findlay K, Lopez-villalobos A, et al. The
accumulation of oleosins determines the size of seed oil
bodies in Arabidopsis [J]. Plant Cell, 2006, 18: 1961-1974


http://www.cnki.net/KCMS/detail/%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20/kcms/detail/search.aspx?dbcode=CJFQ&sfield=au&skey=%e9%83%ad%e5%a4%8f%e4%b8%bd&code=24899030;08016652;28679271;08046527;25892049;
http://www.cnki.net/KCMS/detail/%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20/kcms/detail/search.aspx?dbcode=CJFQ&sfield=au&skey=%e8%82%96%e8%90%8d&code=24899030;08016652;28679271;08046527;25892049;
http://www.cnki.net/KCMS/detail/%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20/kcms/detail/search.aspx?dbcode=CJFQ&sfield=au&skey=%e6%9d%9c%e5%b0%9a%e5%b9%bf&code=24899030;08016652;28679271;08046527;25892049;

